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Descrfptlon 

The present Invention relates to heart valve 
prostheses and more particularly to Improved 
suture rings for Implanting heart valves. 

Background of the Invention 

Artificial heart valves for surgical implantation 
in the human heart are check valves which permit 
blood flow through the valves in a downstream 
direction but block regurgitation of blood in a 
reverse or upstream direction. In spite of the rela- 
tively simple concept of a check valve, much 
effort has been exerted in improving the design of 
heart valves which are implanted into the human 
heart and should desirably function reliably for a 
lifetime. 

Heart valves having pivoting valve members, 
either in the form of a single occluder, such as 
described in US— A— 4,1 23,805, or a pair of leaf- 
lets, such as described in US— A— 4,254,508, pro- 
vide good flow characteristics and quick response 
to blood flow. As a means for inserting heart 
valves into the heart, they commonly have 
attached fabric members suturable to the tissues 
of the heart. Frequently the fabric member is 
attached to a separate suture ring which is 
applied to the periphery of the heart valve body or 
orifice ring, for example, as described in 
US— A— 3,763,548. An important design con- 
sideration for heart valves and their suture rings 
is minimizing their thickness in a radial direction 
In order to maximize the size of the blood flow 
passageway of the heart valve that is inserted in a 
natural passageway of a given size. Newer, thin- 
ner heart valve bodies formed, for example, as 
unitary structures of pyrolytic carbon have 
enabled larger valve passageways to be pro- 
vided; however, thin heart valve bodies some- 
times lack the rigidity that is desirable for such 
valves. 

In some cases, deformability of the heart valve 
body is advantageous as where the occluder and 
valve body have cooperating depressions and 
protrusions and the resiliently deformable valve 
body Is deformed to permit insertion of the 
occluder and the resilient valve body is allowed to 
spring back Into engagement with the occluder. In 
other instances, engagement of the occluder with 
the valve body may be accomplished by deforma- 
tion of the occluder or by other means. In any 
case, deformability of the valve body is undesir- 
able in an assembled heart valve. Although after 
insertion into the heart, the valve is not subjected 
to substantial deforming forces, the possibility 
remains that a surgeon could Inadvertently de- 
form the orifice ring and dislocate the occluder as 
he is inserting the valve into the heart. The heart 
valve body in combination with the suture ring 
should therefore provide sufficient resistance to 
deformation that there is no danger of displacing 
the occluder during insertion into the heart 

The need continues for Improved suture rings 
which together with the lieart valve bodies 
occupy a narrow region along the heart passage- 



way and which together provide the rigidity 
needed to assure that the valve body will not be 
deformed during insertion. The fabric member 
portion of the suture ring should be continuous, 
5 fully covering any exposed metal portions of a 
suture ring, and exposed seams and fabric ends 
are to be avoided. 

Summary of the Invention 

10 US A— 3 691 567 describes a heart valve with 
a suture ring of the type with which the invention 
is concerned. As Is known from US— A — 
3 691 567 the invention relates to a combination 
of heart valve and a euture ring for securing the 

IS heart valve to the tissues of the heart; said heart 
valve having a valve body providing a blood flow 
passageway, occluder means mounted within 
said valve body for opening and closing the 
passageway and a protrusion around the valve 

20 body having first and second surfaces, said suture 
ring comprising a retainer ring having an interior 
surface proportioned to surround said protrusion, 
inwardly extending means *for locating with said 
first surface of the protrusion and a deformable 

25 ring portion for locating with the second surface 
of the protrusion to lock said retainer ring onto 
the protrusion, a febric tube and band means for 
securing the ends of said fabric tube to said 
retainer ring so that exposed surfaces of said 

30 retainer ring when it is locked onto said pro- 
trusion are fully covered by said fabric tube. 

A general object of the present invention is to 
provide an improved assembly of this type. 
In accordance with the present invention, and in 

35 contrast to US— A— 3 691 567, the band means is 
a first band for securing one end of said fabric 
tube to said retainer ring and a second band for 
securing the other end of said fabric tube to said 
retainer ring. 

40 in a preferred design the retainer ring has 
deformable means which Is deformed to hold at 
least said first band In permanent position. 

In another design the retainer ring has a tine 
means substantially encircling said first and 

4S second bands. 

The protrusion on which the retainer ring is 
locked Is preferably an outwardly extending por- 
tion of a stiffener ring received in interference fit 
in a peripheral groove in the valve body. 

so The invention may be understood more readily, 
and various other aspects and features of the 
invention may become apparent from con- 
sideration of the following description. 

55 Brief Description of the Drawings 
In the accompanying drawings: 
FIGURE 1 is a perspective view of a bileaflet 
heart valve and a suture ring assembly, embody- 
ing various features of the invention, fbr insertion 
60 in a mitral location; 

FIGURE 2 is an exploded perspective view of 
the suture ring assembly; 

FIGURE 3 is an enlarged cross-sectional view of 
the suture ring of FIGURE 2 in a condition neariy 
65 ready fbr mating with the heart valve; 
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FIGURE 4 is an enlarged fragmentary cross- 
sectional view similar to FIGURE 3 illustrating 
mating of ttie assembly with the heart valve; 

FIGURE 5 is an enlarged cross*sectional view 
taken generally along line &— 5 of FIGURE 1; 

FIGURE 6 Is a perspective view of a heart valve 
having a single disc occluder and an alternative 
emixjdiment of a suture ring assembly, embody- 
ing various features of the Invention, for Inser- 
tion in an aortic location; 

FIGURE 7 Is an exploded perspective view of 
the suture ring assembly and heart valve body of 
FIGURE 6; 

FIGURE 8 Is an enlarged cross-sectional view 
of the suture ring of FIGURE 6 preparatory to 
mating with the heart valve body; 

RGURE 9 Is an enlarged fragmentary cross- 
sectional view, similar to FIGURE 8, showing the 
valve body slipped into the prepared suture ring 
of FIGURE 8; and 

RGURE 10 is an enlarged cross-sectional view 
taken along line 10-10 of FIGURE 6. 

Detailed Description of tiie Preferred Embodi- 
ment 

Illustrated in FIGURE 1 is a heart valve 11 
which carries a suture ring assembly 13 particu- 
lariy adapted for insertion in a mitral location. 
The suture ring assembly has an outer covering 
15 of porous fabric which can be sutured to the 
tissue of the heart and to which the fibrous 
tissues of the heart will attach during healing. 

The illustrated heart valve 11 has a pair of 
generally semi-circular leaflets 17 mounted with- 
in an orifice ring or valve body 19 for pivoting 
between an open position to allow blood flow 
through the orifice or passageway and a closed 
position to block blood flow. The leaflets 17 are 
mounted In the orifice ring by suitable inter- 
engagement means (not shown) which may in- 
clude depressions and/or protuberances on the 
interior of the orifice ring and cooperating de- 
pressions and/or protuberances at the periphery 
of each leaflet, which interengagement means 
forms no part of the present invention. 

Such orifice rings are often formed of 
materials that are somewhat resilientiy deform- 
able In order to be deformed for Insertion of the 
valve members 17. When the orifice ring 19 
retums to Its annular configuration, the de- 
pressions and/or protrusions of the orifice ring 
and valve members 17 mount the valve mem- 
bers for pivotal motion. A particulariy suitable 
material for formation of valve members and 
orifice rings is pyrocarbon, such as that sold 
under the name PYROLITE, which has a surface 
with highly thromboresistant characteristics. 
Orifice rings fonned of pyrocarbon or of 
materials such as graphite coated with pyro- 
carison may be deformed sufficientiy for mount- 
ing of the valve members. 

Heart valves 11 generally have orifice rings 19 
with shallow outwardly facing annular grooves 
23. The suture ring assembly 13 includes an 
inner stiffener ring 25, which interfits with the 



annular groove and stiffens the orifice ring 
against defomiation during surgical Implanta- 
tion, an outer surrounding retainer ring 33 and a 
fabric member 31 which is suturable to the 

5 tissues of the heart. An Inner surface 27 of the 
stiffener ring 25 is held in Interference fit within 
the shallow annular groove 23, and the thickness 
of the ring is such that its outer surface 29 
extends radially outward of the outer surface of 

10 the orifice ring. The retainer ring 33 has an 
interior region or groove 34 which accom- 
modates the outwardly protruding portion 28 of 
the stiffener ring 25 with the fabric member 31 
interposed and held therebetween. 

IS The fabric member 31 , which is initially tubular 
in shape, is wrapped into a closed loop con- 
figuration around the retainer ring 33 with Its 
ends 35a, 35b joined together to form the cover 
15 which fully surrounds the retainer ring, and 

20 the Junction between the overiapping ends 35 of 
the tubular fabric member is locked into a non- 
exposed position. Enclosure of the Junction is 
achieved by a deformable section comprised of a 
ring of tines 41 that extend from a rigid annulus 

25 43 of the retainer ring and are crimped into a 
curved configuration around the junction. 

Generally, the application of the suture ring 
assembly 13 to the heart valve is as follows. The 
stiffener ring 25, which is formed of metal, is 

30 shrink-fitted Into an interference fit within the 
outwardly facing groove 23 by first heating it to 
expand Its diameter. The fabric member 31 is 
wrapped into its closed loop configuration 
around the retainer ring 33 and its ends are 

3S joined with a pair of cords or ties, one tie 37a 
banded around a first end 35a and a second tie 
37b banded around the second end 35b. The ring 
of tines 41, which have been partially pre- 
crimped outward (as shown in FIGURE 3), are 

40 further crimped toward the annulus 43 to lock In 
the ties and surrounding fabria The fabric- 
covered retainer ring 33, is thereafter snapped 
into the stiffener ring 25 by means of a deform- 
able segment consisting of a ring of resilient 

4$ prongs or tangs 45 that extend from the annulus 
43 in the opposite direction from the tines 41. 

So that the invention nriay be more fully under- 
stood, the suture ring assembly will now be 
described in greater detail. Although it Is under- 

5D stood that the heart valve and suture ring 
assembly will be oriented within the heart valve 
in the orientation of the replaced natural heart 
valve, for ease of explanation, the vertical orien- 
tation of the several members will be described 

65 with reference to FIGURES 1—5 of the drawings. 
The stiffener ring 25 is of annular shape having 
a generally rectangular cross section; however, 
the upper outer edge 47 is chamfered to facilitate 
application of the retainer ring 33 as described 

eo hereinbelow. The inner surface 27 of the stiffener 
ring is generally matched to the shape of the 
shallow groove 23 of the orifice ring 19 with the 
inside diameter of the stiffener ring substantially 
equal to the root diameter of the groove and the 

65 height of the stiffener ring substantially equal to 
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that of the groove. The thickness of the stiffener 
ring is greater than the depth of the groove so that 
the outer surface 28 of the ring protrudes radially 
outward of the orifice ring 19. 

As a means of fitting the stiffener ring 25 over 
one end of the orifice ring 19 and into the groove 
23, the stiffener ring is first heated to high tem- 
peratures until it expands sufficiisntty to slide over 
the ring. The heat-expanded stiffener ring is 
positioned around the groove and cooled to 
ambient temperatures whereat it seats snugly in 
the groove. The metal of which the stiffener ring 
is formed has a coefficient of thermal expansion 
sufficient to permit its application, when .heated, 
to the orifice ring. Although the stiffener ring In 
the final assembly Is shielded by the fabric cover- 
ing 15 from contact with blood or tissue, the metal 
used to form the stiffener ring Is selected for bio- 
compatibility and thromboresistance. A Co-Cr 
alloy is a preferred material for formation of the 
stiffener ring which may be heated to about 900°F 
for application to the orifice ring. 

The retainer ring 33 is fabricated as a unitary, 
generally tubular piece of metal appropriately slit 
to provide the rings of tines 41 and tangs 45 
extending in opposite directions from the central 
annulus 43. Although the retainer ring is fully 
covered with fabric In the complete heart valve- 
stlffener ring-retainer ring assembly, the metal Is 
also selected for blocompatiblllty and thrombo- 
resistance. The central portion of the metal 
retainer ring has a thickness sufficient that it will 
not deform under the conditions of suture ring 
assembly. The tangs 45 are less thick and in the 
process of suture ring assembly will deflect, but 
the "memor/' of the resilient metal returns the 
tangs to their original configuration. The tines 41 
are relatively thin and are deformed past their 
elastic limit and during suture ring assembly 
assume the shape into which they are deformed. 
A preferred metal for fabrication of the retainer 
ring is titanium. Other metals, such as stainless 
steel, may also be used to fabricate the retainer 
ring, or a material having similar deformable 
properties might be used instead of metal. 

The central annulus 43 is relatively thick giving 
shape and rigidity to the retainer ring 33. The 
inner surface 51 of the annulus has a diameter 
slightly greater than the outer diameter of the 
orifice ring to accommodate a layer of fabric 
therebetween. 

Below the central annulus 43, the inwardly 
facing annular groove or region 34 is formed to 
accommodate the outwardly protruding portion 
28 of the stiffener ring 25 leaving a lower annular 
rim 44. The groove 34 is proportioned to accom- 
modate a single layer of the tubular fabric 
member 31 Interposed between the stiffener ring 
and the retainer ring along an upper surface or 
overhang 57, a vertical surface 59 and a lower 
surface 65 of the groove. 

To facilitate interconnection of the retainer ring 
and the orifice ring-stiffener ring assembly, the 
retainer ring 33 is divided by a plurality of slits 55 
into the ring of resilient tangs 45 extending down- 



ward from the central annulus 43.' The lower rim 
44 is divided by the slits 55 into radially Inwardly 
extending lugs 61 at the ends of the tangs 45. 
Preferably, the undersurfaces 63 of the lugs 61 are 

5 rounded to facilitate camming of the lugs over the 
upper surface 64 and the outer surface 29 of the 
stiffener ring 25 during mating of the retainer ring 
to the orifice ring-stiffener ring assembly. Be- 
tween the lugs 61 and the annulus, the thickness 

10 of the tangs 45 is such to allow them to deform 
outwardly during retainer ring application and 
snap back thereafter to surround and engage the 
stiffener ring. 
Above the annulus 43, a thin tubular portion 67 

IS of the retainer ring 33 is divided by a plurality of 
slits 68 into the ring of tines 41. The thin tines are 
deformed past their elastic limit upon the appli- 
cation of sufficient crimping force thereto. The 
tines 41 are precrimped prior to application of the 

20 fabric member, using suitable dies. Into the out- 
wardly curved configuration seen In FIGURE 3, 
and the precrimped tines, along with an out- 
wardly extending flange 71 of the annulus 43, pro- 
vide an outwardly facing annular region 79. 

25 The fabric member 31 is formed of fabric 
selected for lifetime durability as well as com- 
patibility with blood and heart tissue. A woven or 
knitted fabric provides porosity for ingrowth of 
heart tissue, and a preferred material for the 

30 fabric member Is Dacron knit fabric The length of 
the tubular fabric member is sufficient to fully sur- 
round the retainer ring closely following its con- 
tours as well as providing a radially extending 
flap 75 for suturing to the heart tissue. 

3S To facilitate handling and suturing, ft is pre- 
ferred that the flap 75 be thickened, and this is 
preferably accomplished by means of a resilient 
polymeric filler ring 76, e.g., formed of low den- 
sity or foam polytetrafluoroethylene, such as that 

40 sold under the trademark Teflon. The filter ring 
has a semi-elliptical cross section, its inner sur- 
face 78 being substantially vertical and having a 
diameter matched to the outside diameter of the 
finally crimped tines 41 as seen in FIGURE 5. The 

4$ Teflon filler ring 76 is easily penetrated by sutur- 
ing needles. Alternatively, the flap could be thick- 
ened using a longer fabric member 31 and folding 
and layering Its ends, but the close knit of the 
fabric makes it difficult for suturing needles to 

so penetrate multiple layers. 

The tubular fabric member 31 Is wrapped 
around the retainer ring 33 prior to its application 
to the orifice ring 19 and fitted stiffener ring 25. 
The fabric member 31 is shown in FIGURE 2 in its 

55 simple tubular configuration; however, prior to 
application to the retainer ring, the fabric member 
Is preferably pre-creased, e.g., by steam pressing, 
in order to closely conform to the shape of the 
retainer ring which it is to cover. Various dies are 

60 used in pre-creasing the fabric member to con- 
form to the contours of the retainer ring. The 
fabric Is creased to follow the contours of in- 
wardly facing annular region 34. On the outside of 
the retainer ring, a segment of the fabric stretches 

65 from the undersurface 63 of the lugs to the upper 
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surface of the central portion of the retainer ring 
33. 

Within the outwardly facing annular region 79 
provided by the precrimped tines 41, the first or 
lower end 35a of the fabric member Is securely 
tied with one of the suture cords 37a leaving a 
short length 81 of the first end extending beyond 
the point of tying. The outwardly curved tines pre- 
vent upward displacement of the tightly tied cord. 
The filler ring 76 is then placed around the ring of 
precrimped tines 41, its inner surface 78 being 
deformed by the tines which have not yet been 
fully crimped, as seen in FIG. 3. The second or 
upper end of the fabric member 31 is brought 
around the filler ring 78, tucked below the tines 41 
and tied tightly with the second cord 37b within 
the annular region 79. The second end overiaps 
the first end completing the closing loop con- 
figuration of the fabric covering 15. The free 
tenninus 83 of the second end extending beyond 
the tie is folded back upon itself Into the region 
radially exterior of the two ties so It lies along the 
free length 81 of the first end leaving no exposed 
fabric ends to fray or Interfere with the flow of 
blood. In order that the second cord may be 
knotted, its ends may be threaded through the 
fabric and tied exterior of the closed fabric loop. 
The cords maintain the fabric in position along 
the retainer ring and filler ring 76. The tines 41 are 
then crimped to their final configuration so they 
extend substantially back to the flange 71 of the 
annulus 43, locking the cords 37 and fabric end 
portions in the annular region 79 between the 
crimped tines and the flange. 

The loose multllayered flap 75 of the fabric 
member is steam-pressed for the final time into a 
flat annular configuration extending radially out- 
ward of the upper end of the retainer ring for 
suturing to the heart tissues and in particular to 
the tissue at the interior of a passageway remain- 
ing after excision of a natural mitral valve. The 
fabric-covered suture ring at this stage may be 
coated with vapor-deposited carbon, such as that 
sold under the name Biollte, giving the exposed 
fabric a highly thromboresistant surface. 

The covered, coated retainer ring is ready for 
application to the heart valve-stiffener ring 
assembly. The retainer ring is pressed downward 
over the orifice ring-stiffener ring assembly as 
seen In FIGURE 4. When the lower curved sur- 
faces 63 of the tang lugs 61 contact the chamfered 
upper edge 47 of the stiffener ring, the tangs 45 
resiliently deform outwardly, and when the flat 
upper surfaces 65 of the lugs reach the bottom 
edge of the stiffener ring, the tangs spring back 
inward locking the retainer ring in surrounding 
relationship about the stiffener ring. With the 
horizontal upper surface 57 of the groove 34 
located along the horizontal upper surface 64 of 
the stiffener ring 25 and the horizontal lower 
surges 65 of the groove located along the hori- 
zontal lower surface 66 of the stiffener ring, the 
retainer ring is securely locked to the stiffener 
ring. 

With the inwardly facing annular region 34 of 



the retainer ring thus engaged about the outer 
surface 28 of the stiffener ring, the retainer ring is 
secured to the orifice ring with the fabric member 
Interposed and firmly held between the retainer 

5 ring and the stiffened orifice ring. During appli- 
cation of the retainer ring to the orifice ring- 
stiffener ring assembly, any slack in the Inner 
portion of the fabric member is taken up so the 
fabric, which surrounds the retainer ring, now 

10 fully covers the surfaces of the protruding portion 
of the stiffener ring. 

Illustrated in FIGURE 6 is an alternative embodi- 
ment of a heart valve 111 and a surrounding a 
suture ring 113 particularly adapted for insertion 

IS in an aortic location. Although the heart valve 1 1 1 
and suture ring 113 will in use be orientated In 
accordance with anatomy of the heart, for ease of 
description, the heart valve and suture ring are 
described as having an upper and a lower end, 

20 with reference to FIGURES &— 10. The illustrated 
heart valve 111 has a single disc occluder 115 
mounted within an orifice ring or valve body 117 
for pivoting between an open position to allow 
blood flow through a central passageway 1 19 and 

25 a closed position to block blood flow through the 
passageway. In the illustrated heart valve 1 1 1, the 
valve body 117 is stiffened by being formed with 
an integral encircling protrusion 121. Because of 
the stiffness provided by the integral protrusion, it 

30 may be desirable to form the occluder 115 to be 
sufficientiy resilientiy deformable to permit its 
insertion into the valve body 1 17, or the occluder 
and/or mounting means may be fabricated to 
permit mounting of the occluder In a substantially 

35 non-deformable valve body. It is to be understood 
that the aortic suture ring 113 is equally suitable 
for use with a heart valve such as that illustrated 
with reference to FIGURES 1—5, having a stiffen- 
er ring in interference fit in a peripheral groove of 

40 the heart valve body. 

Physiological differences between the mitral 
and aortic locations require some design 
differences between suture rings used In mitral 
locations and suture rings in aortic locations. The 

45 mitral valves extend between two heart cham- 
bers, and when a defective natural mitral valve is 
removed, a broad surface is provided along the 
entrance to the opening. Thus, a broad suture 
flange, such as that in the embodiment of FIG- 

so URES 1—5, is preferably attached thereto. In the 
aortic location, however, the suture ring must be 
sutured to the walls of the passageway, and such 
a broad suturing flange is not appropriate for an 
aortic valve suturing ring. Furthermore, although 

55 a fabric tube 123 in the aortic ring fully covers the 
surfaces of a retainer ring 125, the fabric tube 123 
is preferably not interposed between the valve 
body protrusion 121 and the retainer ring In order 
to further minimize the thickness of the valve 

60 body-suture ring assembly, but rather, the fabric 
tube is secured between the valve body 117 and 
retainer ring 125 at locations both above and 
below protrusion 121. 
The retainer ring 125 is fabricated as a unitary, 

55 generally tubular piece of metal. The main body is 
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a narrow central annulus 127 having an interior 
surface 129 proportioned to fit closely about the 
outer surface 131 of the encircling protrusion 121 
and an annular flange 135, that extends inward of 
the annulus 127 and lies adjacent the upper 
surface 137 of the protrusion 121. A thin tubular 
sect/on 139 extends a substantial distance up* 
ward from the body and is deformed inward in 
the assembled unit. Because it is not Intended to 
greatly deform this section, there should be no 
need to provide slots to accommodate deforma- 
tion without budding/ and in the illustrated 
embodiment none are provided. 

A lower thin tubular section or portion 141 
extends a substantial distance downward from 
the main body, and because this tubular section is 
deformed substantially during its application to 
the valve body, a plurality of slots 143 (FIGURE 7) 
are formed extending upward Into this lower 
tubular section creating a plurality of individually 
deformable tangs 145. The lower end of the 
tubular portion 141 is formed with a rib that 
extends inward to provide each tang with an 
inward protuberance 147. Although the tangs 145 
In the aortic suture ring resemble the tangs In the 
herein before-described mitral suture ring, each 
having an inward protuberance, the tangs of the 
aortic suture ring are crimped into engagement 
about the valve body protrusion 121, rather than 
being snap-fit onto the protrusion, as is the case 
in the mitral valve suture ring. Thus, the pro- 
tuberance 147 do not extend sufficiently inward to 
lie below the protrusion until they are irreversibly 
deformed by crimping. The narrow, horizontal 
upper surfaces 149 of the tang protuberances 147 
provide secure locking when the tangs are 
crimped to lock the retainer ring 125 to the valve 
body. The interior surface 129 of the main body 
does not extend the fuli distance along the valve 
body protrusion 121 permitting the tangs 145 to 
be formed of greater length and tlierefor more 
easily crimped. 

Although the fabric tube 123 is not intended to 
fully encircle the retainer ring 125 and is not inter- 
posed between the Interior surface of the annulus 
and the outer surface of the protrusion, the length 
of the fabric tube is preferably substantially 
longer than the height of the retainer ring to pro- 
vide a double layer of material along the exterior 
of the retainer ring to be sutured to the heart 
tissues and to also provide portions that envelop 
the upper and lower ends and are tucked between 
the retainer ring and the valve body and held 
therein by means of dam rings or bands 151, 153. 
The fabric tube is preferably precreased for fitting 
around the ends of the retainer ring and looping 
around upper and lower fabric-holding bands 
151,153. 

The fabric-holding bands 151, 153 secure the 
ends of the fabric tube to the ratalner ring to fully 
cover those portions of the retainer ring that 
would otherwise remain exposed after the 
retainer ring Is locked to the valve body, and they 
are formed of rigid metal. Rigid metal bands are 
preferable to tied cords for securing fabric ends 
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between two generally rigid members, i.e., the 
valve body 117 and the retainer ring 125, and 
facilitate assembly. 
The Illustrated bands 151, 153 have rectangular 
5 cross sections being cut from cylindrical tubes; 
however, bands having round cross sections or 
other configurations could be used. The bands 
typically have cross-sectional dimensions of 
about 0.7 mm in the axial direction by 0.5 mm In 
10 the radial direction for a rigid metal, such as 
titanium. 

The upper band 151 is proportioned for Inser- 
tion between the upper tubular segment 139 of 
the retainer ring 125 and the heart valve body 1 17 
IS above the protrusion 121 leaving sufficient dear* 
ance around the band for a looped portion of the 
fabric tube 123 to surround the ring. The outside 
diameter of the upper ring Is closely matched to 
the Interior diameter of the upper tubular seg- 
20 ment 139 whereby the fabric is captured between 
the band 151 and the tubular segment, and a 
slight amount of inward crimping of the upper 
tubular segment is sufficient to retain the upper 
band 151 in its installed position on the retainer 
25 ring. Insertion of the fabric-surrounded upper 
t>and 151 and inward crimping of the upper 
tubular segment 139 is generally completed 
before the retainer ring is applied to the valve 
body, the upper tubular segment serving no func- 
30 tion In locking the retainer ring 125 to the valve 
body. 

The lower band 153 is proportioned to be 
received between the tangs 145 and the valve 
body 117 as shown In FIGURE 9, where It can be 
36 seen that the outside diameter of the lower band 
153 is significantly less than the uncrimped in- 
terior diameter of the ring of tangs 145. In locking 
the retainer ring 125 to the valve body, the tangs 
are crimped a substantial distance inward serving 
40 the dual functions of pinning the lower end of the 
^bric tube, between the band 153 and the lower 
surface 155 of the protrusion 121 and holding the 
lower band 153 in permanent position between 
the retainer ring and the protrusion to lock the 
4S retainer ring to the valve body. 

To assemble the suture ring 113, the retainer 
ring 125 is placed on a jig (not shown), and the 
fabric tube 123 is extended through the central 
passageway of the retainer ring with that portion 
so of the fabric tube which Is to serve as an Inner 
fabric layer 1 52 at the upper end. The upper band 
151 Is then Inserted into retainer ring along the 
inside of the upper tubular segment 139 and 
Inside of the fabric tube 123 and pushed down- 
ward to hold the fabric tube against the inwardly 
extending flange 135. Thereupon, a die is used to 
crimp the upper tubular segment 139 radially 
inward until its upper edge overhangs the upper 
band 151, locking the upper band in place and 
60 fimily pinning the fabric tube between the upper 
band and the upper tubular segment 139 and 
flange 135. With the fabric tube pinned In place, 
the upper portion 152 of the fabric tube 123 above 
the ring is folded over the upper edge of the upper 
fiff tubular segment 139 and downward along the 
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outside of the retainer ring, extending almost to 
Its lower end. Next, the remaining portion 154 of 
the fabric tube 123 Is pulled up through the 
central passageway of the retainer ring and lilce- 
wlse folded over the top and along the outside of 
the retainer ring overlying the Inner layer 152 of 
the fabric tube. At this stage, the partially pre- 
pared suture ring (FIGURE 8) Is ready for appli- 
cation to a heart valve body 117 having a sur- 
rounding protrusion 121, and the retainer ring 125 
Is removed from the jig. 

The valve body 117 and partially prepared 
retainer ring 125 are then mated (as shown in 
FIGURE 8). The retainer ring 125 is inverted and 
Inserted Into another jig (not shown). The valve 
body 117 is inserted into the retainer ring 125 so 
that the body protrusion 121 seats on the suture 
ring flange 135 with the outer surface of the pro- 
trusion 131 fitting closely along the Interior sur- 
face 129 of the central annulus 127. That portion 
of the fabric tube 123 that extends below the 
tangs is folded Inward, and the lower band 153 Is 
pushed downward into the annular region be- 
tween the Inverted valve body 117 and the tangs 
143 until It seats against the protrusion 121, 
carrying the surrounding fabric inward so that a 
loop 159 of fabric Is pinned between the band and 
the valve body 117, finally, the tangs 145 are 
crimped inward to lock the suture ring to the valve 
body by pressing them against the lower band 
153 and the febric tube loop 159 to force them 
against protrusion. Any excess fabric tube that 
extends outward beyond the end of the valve 
body and retainer ring Is trimmed away. The 
fabric may also be coated with vapor-deposited 
carbon. 

Several advantages of the heart valves should 
now be more fully appreciated. The suture rings 
are fully assembled with the heart valves prior to 
their insertion into a heart where they are Im- 
planted by suturing. The protrusions, whether 
they are integral with the valve bodies or are 
separate stiffener rings, provide rigidity to other- 
wise thin, somewhat flexible, valve bodies 
eliminating the possibility that the valve members 
may be released from the valve bodies during 
surgical implantation Into the heart. The outer 
fabric coverings have no exposed seams, through 
which blood might seep or which might be pulled 
loose, nor any exposed ends. The simple 
assembly of the retainer rings and the convenient 
means for locking the retainer rings onto the 
valve bodies substantially reduce the assembly 
time, which represents a significant portion of 
present heart valve manufacturing costs. 

The invention has been described In terms of 
certain preferred embodiments; however, modi- 
fications obvious to one with ordinary skill In the 
art may be made without departing from the 
scope of the Invention as defined by the claims. 

Various features of the invention are set forth in 
the following claims. 



Claims 

1. In conibination a heart valve (11,111) and a 
suture ring (13, 113) for securing the heart valve 

5 to the tissues of the heart; said heart valve having 
a valve body (19, 119) providing a blood flow 
passageway, occluder means (17, 117) mounted 
within said vah^e body for opening and closing 
the passageway and a protrusion (28, 121) around 

w the valve body having first and second surfaces 
(64, 66, 137, 155); said suture ring comprising a 
retainer ring (33, 125) having an Interior surface 
(34, 129) proportioned to surround said pro- 
trusion, inwardly extending means (57, 135) for 

IS locating with said first surface of the protrusion 
and a defbrmabie ring portion (45, 145) for locat- 
ing with the second surface of the protrusion to 
lock said retainer ring onto the protrusion, a fabric 
tube (31, 123) and band means (37a, 37b, 153, 

20 151) for securing the ends (35a, 35b, 159, 1 52) of 
said fabric tube to said retainer ring so that 
exposed surfaces of said retainer ring when It is 
locked onto said protrusion are fully covered by 
said fabric tube; characterised In that said band 

2S means comprise a first band (37a, 153) for 
securing one end (35a, 159) of said fabric tube (31, 
123) to said retainer ring (33, 125) and a second 
band (37b, 151) for securing the other end {35b, 
152) of said fabric tube to said retainer ring. 

30 2. A combination according to claim 1 , wherein 
the ring includes deformable means (41, 141) 
which is deformed to hold at least said first band 
(37a, 153) in permanent position. 
3. A combination according to claim 2 wherein 

35 said deformable means comprises a first deform- 
able retainer ring portion (141) for permanently 
positioning said first band (153) and a second 
deformable retainer ring portion (139) for per- 
manently positioning said second t>and (151). 

40 4. A combination according to claim 1 or 2 
wherein said deformable ring portion (145) also 
holds said first band (153) in permanent position 
between the retainer ring (125) and the valve 
body (119). 

4S 5. A combination according to claim 4, wherein 
said deformable ring portion (145) is permanentiy 
crimped to permanentiy position said first band 
(153). 

6. A combination according to claim 1, wherein 
so said deformable ring portion (45) of said retainer 

ring (33) Is resilientiy deformable to pemiit said 
retainer ring to be snap-fit about said protrusion 
(28) said defbrmabie ring portion (45) deforming 
outwardly as it is forced over said protrusion (28) 
55 and thereafter retuming inwardly to locate with 
said second surface (66) of the protrusion (28). 

7. A combination according to claims 2 to 6 
wherein said fabric tube (31) surrounds said 
retainer ring (33), said fabric tube (31 ) being inter- 
so posed between said retainer ring and said pro- 
trusion (28) with said first and second bands (37a, 
37b) holding opposite ends (35a, 35b) of said 
fabric tube (31) together. 

8. A combination according to any of claims 1 , 6 
6S or 7 wherein said retainer ring (33) has a tine 
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means (41) substantially encircUng said first and 
second bands (37a, 37b). 

9. A combination according to any of claims 1 to 
8, wherein said valve body (19) has an annular 
groove (23) therearound, and a stiffener ring (25) is 
received in Interference fit within said annular 
groove and extends outward of said groove to pro- 
vide said protrusion (28). 

10. A combination according to any one of 
claims 1 to 9, wherein said first and second bands 
(153, 151) are rigid rings. 

1 1 . A combination according to claim 1, wherein 
the retainer ring (33) has deformable means (41) 
for holding the first and second bands (37a, 37b) in 
position, the deformable means (41) being de- 
formed from a first position adjacentthe bandsto a 
second position to lock about the bands. 

12. A combination according to claim 1 , wherein 
the defomiable ring portion (45, 145) Is a set of 
tangs. 

Paftentanspruche 

1. In Kombination eine Herzklappe (11, 111) und 
ein Nahtring (13, 113) zum Befestigen der Herz- 
klappe an den Geweben des Herzens, wobei die 
Herzklappe einen Klappenkdrper (19, 119), der 
einen BlutstrSmungskanal vorsieht, eine Ver- 
schlieQeinrichtung (17, 117), die im Inneren des 
Klappenkdrperszum Offnen und VerschlieBen des 
Kanals angebracht ist, und einen Vorsprung (28, 
121) um den Klappenkdrper besitzt, der erste und 
zweite Oberfldchen (64, 66, 137, 1 55) besitzt, wobei 
der Nahtring einen Haltering (33, 125), der eine 
zum Umgeben des Vorsprungs bemessene Innen- 
flSche (34, 129) besitzt, eine sich nach innen 
erstreckende Einrichtung (57, 135) zum drtlichen 
Festlegen mit der ersten OberflSche des Vor- 
sprungs und einen verformbaren RIngabschnitt 
(45, 145) zum drtlichen Festlegen mit der zweiten 
Oberfldche des Vorsprungs zum Verriegein des 
Halterings auf dem Vorsprung, einen Gewebe- 
schlauch (31, 123) und Bandefnrichtungen (37a, 
37b, 1 53, 1 51 ) zum Befestigen der Enden (35a, 35b, 
159, 152) des Gewebeschlauchs am Haltering auf- 
weist so dad exponierte Oberfl3chen des Halte- 
rings, wenn er auf dem Vorsprung verriegelt wird, 
durch den Gewebeschlauch vdllig Qberdeckt sind; 
dadurch gekennzeichnetr daB die Bandeinrich- 
tungen ein erstes Band (37a, 153) zum Befestigen 
eines Endes (35a, 159) des Gewebeschlauchs (31, 
123) am Haltering (33, 125) und ein zweites Band 
(37b, 1 51 ) zum Befestigen des anderen Endes (35b, 
152) des Gewebeschlauchs am Haltering um- 
fassen. 

2. Kombination nach Anspruch 1, bei der der 
Ring eine verformbare Einrichtung (41, 141) um- 
fal^t, die verformt wird, um zumindest das erste 
Band (37a, 153) in Dauerposition zu haiten. 

3. Kombination nach Anspruch 2, bei der die ver- 
formbare Einrichtung einen ersten verformbaren 
Haheringabschnitt (141) zum Dauerpositionieren 
des ersten Bandes (153) und einen zweiten ver- 
formbaren Halteringsabschnitt (139) zum Dauer- 
positionieren des zweiten Bandes (151) umfafit 



4. Kombination nach Anspruch T Oder 2, bei der 
der verformbare RIngabschnitt (145) auch das 
erste Band (153) in Dauerposition zwischen dem 
Haltering (125) und dem Ventilkdrper (119) hdit 
s Kombination nach Anspruch 4, bei der der ver- 

formbare Ringabschnitt (145) permanent umge- 
prefit 1st um das erste Band dauemd zu positlo- 
nieren. 

6. Kombination nach Anspruch 1 , bei der der ver- 
w formbare Ringabschnitt (45) des Halterings (33) 

elastisch verformbar ist um zu gestatten, da& der 
Haltering um den Vorsprung (28) schnapp-ange- 
bracht wird, wobei sich der verformbare Ring- 
abschnitt (45) nach auGen verformt, wenn er Qber 
fs den Vorsprung (28) gedruckt wird, und anschlle- 
&end zur drtlichen Festiegung mit der zweiten 
Oberfldche (66) des Vorsprungs (28) nach innen 
zuruckkehrt 

7. Kombination nach Anspruch 2 bis 6, bei der 
20 der Gewebeschlauch (31) den Haltering (33) um- 

glbt, wobei der Gewebeschlauch (31) zwischen 
dem Haltering und dem Vorsprung (28) ange- 
ordnet 1st wobei die ersten und zweiten Binder 
(37a, 37b) entgegengesetzte Enden (35a, 35b) des 
26 Gewebeschlauchs (31 ) zusammenhalten. 

8. Kombination nach einem beliebigen der An- 
spruche 1, 6 Oder 7, bei der der Haltering (33) eine 
Zackeneinrichtung (41) besitzt, die die ersten und 
zweiten BSnder (37a, 37b) im wesentiichen um- 

30 gibt 

9. Kombination nach eInem beliebigen der An- 
sprQche 1 bis 8, bei der der Klappenkdrper (19) eine 
Ringnut (23) herum besitzt und ein Aussteifungs- 
ring (25) in Festsitz innerhalb der Ringnut aufge- 

3S nommen ist und sich nach auHen von der Nut 
erstreckt um den Vorsprung (28) vorzusehen. 

10. Kombination nach einem beliebigen der 
AnsprQche 1 bis 9, bei der die ersten und zweiten 
Binder (153, 151) steife Rlnge sind. 

40 11. Kombination nach Anspruch 1, bei der der 
Haltering (33) verformbare Einrichtungen (41) zum 
Haiten der ersten und zweiten Bdnder (37a, 37b) in 
Position besitzt, wobei die verformbaren Einrich- 
tungen (41) von einer ersten Position benachbart 

4S den Bfindem zu einer zweiten Position verformt 
werden, um um die Bdnder herum zu verriegein. 

12. Kombination nach Anspruch 1, bei der der 
verformbare Ringabschnitt (45, 145) ein Satz von 
Zapfen Ist 

so 

Revendications 

I.Une combinaisond'unevalvulecardiaque(11, 
1 1 1 ) et d'un anneau de suture (1 3, 1 1 3) pour fixer la 

55 valvule cardiaque aux tissus du coeur, la valvule 
cardiaque comportant un corps de valvule (19, 
119) formant un passage d'dcoulement sanguin, 
des moyens d'occlusion (17, 117) months h rint6- 
rieur du corps de valvule agencte pour ouvrir et 

60 fermer le passage et une saillie (28, 1 21 ) entourant 
le corps de valvule comprenant des premidre et 
seconde surfaces (64, 66, 137, 155), I'anneau de 
suture comprenant un anneau de retenue (33, 125) 
comportant une surface int^rieure (34, 1 29) dimen- 

65 sionnte pour entourer la salHie prdcitde, des 
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moyens s'6tendant vers I'Intdrleur (57, 135) pour 
coop^rer avec la premiere surface de la salllie et 
una partis annulaire ddformable (45, 145) pour 
coop^rer avec la seconds surface de la saillie de 
manldre k bloquer I'anneau de retenue sur la 
salllie, un tube en tissu (31 , 1 23) et des moyens de 
bande (37a, 37b, 153, 151) pour fixer les extre- 
mlt^s (35a, 35b, 159, 152) du tube en tissu d 
I'anneau de retenue de telle sorte que les surfaces 
exposees de I'anneau de retenue lorsqu'il est 
bloquS sur la salllie pr6cit6e soient totalement 
recouvertes par le tube en tissu, caractSris^e en 
ce que les moyens de bande pr^cit^s compren- 
nent une premiere bande (37a, 153) pour fixer une 
extr^mitS (35a, 159) du tube en tissu (31. 123) d 
I'anneau de retenue (33, 125) et une seconde 
bande (37b, 151) pour fixer I'autre extr6mitd (35b, 
152) du tube en tissu d Tanneau de retenue. 

2. Combinaison sulvant la revendication 1, 
caract6ris6e en ce que I'anneau comprend des 
moyens d^formables (41, 141) qui sont d6form^ 
pour maintenir au moins la premidre bande pr^i- 
t^e (37a, 153) en position permanente. 

3. Combinaison suivant la revendication 2, 
caractdrisie en ce que les moyens d6formables 
comprennent une premiere partie d'anneau de 
retenue dSformable (141) pour positionner de 
fa^on permanente la premiere bande (153) et une 
seconde partis d'anneau de retenue d^formable 
(139) pour positionner de fa^on permanente la 
seconde bande (151). 

4 Combinaison suivant I'une ou I'autrs dss 
rsvsndications 1 et 2, caracterisde sn cs qus la 
partie annulaire ddformable (145) malntlent 
egalement la premiere bande (153) en position 
permanente entre I'anneau de retenue (125) et le 
corps de valvule (119). 

5. Combinaison suivant la revendication 4, 
caract^ris^e en ce que la partie annulaire d^for- 
mable (145) est sertie de fa^on permanente pour 
positionner de fagon permanente la premidre 
bande (153). 

& Combinaison suivant la revendication 1, 
caractdrisSe en ce que la partie annulaire ddfor- 
mable (45) de I'anneau de retsnus (33) sst 



6lastlquement d6formable pour permettre d'en- 
cliqueter I'anneau de retenue autour de la saillie 
(28) pr6cit6e, la partie annulaire deformable (45) 
se ddformant vers I'extdrieur lorsqu'elle est pous- 
5 sde sur la saillie (28) et revenant ensuite vers 
rinterieur pour coop6rer avec la seconde surface 
(66) de ia saillie (28). 

7. Combinaison suivant Tune quelconque des 
revendications 2 h S, caractdrls^e en ce que le 

10 tube en tissu (31) entoure I'anneau de retenue 
(33), ce tube en tissu (31) §tant intercald entre 
I'anneau de retenue et la saillie (28), les premfdre 
et seconde bandes (37a, 37b) pr^citSes main- 
tenant les extr6mit6s oppos6es (35a, 35b) du tube 

IS en tissu (31) ensemble. 

8. Combinaison suivant I'une quelconque des 
revendications 1, 6 et 7, caract6ris6e en ce que 
I'anneau de retenue (33) comporte des moyens de 
branches (41) encerclant pratiquement les pre- 

20 mihre et seconde bandes (37a, 37b). 

9. Combinaison sulyant Tune quelconque des 
revendications 1 d 8, caractdris^e en ce que le 
corps de valvule (19) comporte une rainure annu- 
laire (23) et en ce qu'un anneau de renforcement 

2S (25) est agenc6 en ajustement h tolerance nega- 
tive dans ladite rainure annulaire et se prolonge d 
I'ext^rieur de cette rainure pour former la saillie 
(28). 

10. Combinaison suivant I'une quelconque des 
30 revendications 1 d 9, caract^risSe en ce que les 

premidre et seconde bandes (153, 151) sont des 
anneaux rigldes. 

11. Combinaison suivant la revendication 1, 
caractdris^e en ce que I'anneau de retenue (33) 

3S comporte des moyens ddformables (41) pour 
maintenir les premiere et seconde bandes (37a, 
37b) en position, les moyens ddformables (41) 
4tant d^formds d'une premiere position adjacente 
aux bandes vers une seconde position de blocage 

40 autour des bandes. 

12. Combinaison suivant la revendication 1, 
caract^risde en ce que la partie annulaire defor- 
mable (45, 145) est constitute par une sMe de 
languettes. 

4S 
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